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minimu *5... Utoxturing.(2) By using this tchnique

fine-grain material. o =R-grade purity wre pro-
A comprehr;anve repo-rt on the mechanical ho- duced. Splat. of beryllium, •-e-.lFeo De-WN$,

ha,,vir of boryllium as a structural material w1% and Be-.40u, weae consolidated and then remachined
recently presented by Conrad and Parlautter.(l) and consolidated to eliminate layering. Cracking
Although the report Is toc long to cover in depth was pronounced in the iron alloy in the as-hot-
in this roview, some of the salient points of the pressed condition.
psper are discuased. The authors cover the me-
chanical characteristics of single-crystal end poly- Tensile and bend tests were peorforme on
ciyjtalline beryllium and compare them to those of flats that were extruded frm the various alloys.
other close-packed-hexagonal materials. Possible In all cases, ductility was low and the strength
means for improving low-temperaturo ductility are was very high, especially for materials of these
discussed. Texture in wrought beryllium and the purities. "Postfabrication heat treatments de-
hot-shortness problem are considered. The affect creased tensile properties for all alloys and in-
of surface defects on mechanical properties is also creased the elongation in the unalloyed beryllitm

"1-' covered. and berylliui-nfckel alloy. Grain size was stable
even after annealing 1 hour at 1100 C (2000 F),

The mechanical behavior of single crystals which was surprising for an alloy of this purity.
war dl•oussed in terma of dislocation theories. On Highest strengths were obtained with the iron and
this basis, the authors find the behavior of beryl- copper alloys, but these were very brittle even
hlum to be similar to other close-packed-hexagonal after thermal treatments.
metals. For example, the slip behavior and strain
hardening during slip are much the same. Much is The authors suggested that the high thermal
known about the effect of substitutional elements stability and strength and low ductilities were
but nothing about the interstitials. associated with one or more of the followingi

Lor ductility of polycrystalline boryllium (1) Unique distribution of dispersed
is apparently due to easy cleavage and to few de- F•ases because of splatting
formation modes. Generally, properties increase V
with decreasing gr'ain size according to the Hall- (2) A high degree of cold work due to chip
Petch relationship. The authors believe that the machining and low-temperature procetsiio
effect of purity on ductility of polycrystalline
beryllium had not been well established. In their (3) An atypical extrusion "texture , .st
discussion, several methods were proposed for im- inhibited ductility in' both 'tertiin (i
provlng the ductility of beryllium. For example, directions.decreasing the grain size of wrought materials, d b 2 ]- -JLincreasing purity, and alloying with elements such 

U1
as copper would be expected to improve ductility. ,_..

Also, modifying texture by controlling the fabri- Investigato,-s at Franklin Inatitut;`tAve
cation history should contribute to increased ducti- recently reportod on the effept of prior history
lity. on properties of beryllium.03 ) High-purity (SR

grade) powder was used to produce sheet by comr-
The relationship of hot shortness in beryl- pression rolling, upset forging of powder, and

liu•. with respect to the forging problem was upset forging of hot-pressed block. Bend propertles
briefly discussed. The authors discussed in some and preferred orientation were determined after
detail the iron/alminum reaction in beryllium and various thermal treatments. The overall properties
its relationship to hot shortne3s. They alluded wert crapared with commercial powder-wtallurgy
to a possible connection between Impurities and sheet.
the forgeability of beryllium. A theory *A!ý ad-
vaercod for a possiile mechanisn tL. explain the loss In compression-rolled sheets, the material
of gruin-boundary cohesion reoultlng from alumlnu.v- hav'.ng the lowest reduction appears to have the
beryllium eutectic formation, highest bend ductility. In the hot-upset sheet,

bend ductility tended to increase with increasedSptat coolirnq waL employed Ly Nuclear Metals reduction. Hot-forged block showed the best beniti pre.0oce fine-grain high-purity h•rylllum with a properties in the st-.,dy. This suggested to the
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aJhr htiCupfatting cauýged a t* eeof'olw 0.o1.

9*le of tlh* p'rticlea which Would cause Vome spy in ktllthotic Cmafteorl 10.4 XV 10 rAt~as *Os-
a1Plane disrientation. water# 21.5 qWy for-3 percent

33.4 -W for 3.5 percent 10&0e Cl
Ratn- propertles on conmprrta afot were ap rates in Jatural-soawater meAV=*ze4C Akhplka

rpror imntel. tha game as those of the Compression- and anodized beryllkiis wee 64 4 1n 0ýt*fe-
roiled SR beryllium. Since the reduction reacit vpectively. The anodized treatment afforded con-
cc appr oxmately the same, the authors Indicated siderable protection in this environment.
that therD minght be no effect of purl ty on the

Sperti•Ai In this range. H.-ever, they noted In additonffto the general attack exporienced
that lack of 4n optimixed fabrtcatio, schedule for in the various oiwlraments, pitting was shown to
t• hl h-spurly sheet might contribute to this be serious in the ctlorido-containing envi t.ot sna.
¢cc..renc•. Pits .eas-rigp1it8 mile derp werenotedafter

30 days in 3 percent ialt solution. Anodizing ap-
Texturing was greatest in th- comn scon- peared to impede pitting, "but it was not effective

rolled shct5a, and least in the forged material. in eliminating it.
However, no significant difference was noted in
the bend ductility of the two materials. irou Limited strest-corrosion studies were also
th!39 the authors concluded that preferred orienta- performed in natural seawater. Time to failure
tion alone is not the determining factor in deter- for pickled specimens was 103 hours at 20,000 psi
mining bznd ductility, and 100 hours at 30,000 psi. The anodized specimens

were insenoitiwv to the different stress levels as
SPROPERTEi they both failed in approximately 360 hours." Failure was generally associated with the pittiny

Rruh .Beryllium recently published a statts- attack. Pitting occurred continuously during the
tical survev of 011 their sheet products manufac- test, and the pita acted as stress concentrations
tured In 1964.k 4) Table i gives the data as re- that caused premature failure.
ported. In the or' -nal dercument, histograms of the
data are plotted. -nv authors note that the data
compare very favorably with infszmation reported
for aluminn end titanium alloys currently being In a continuing study at McDonnell Aircraft,
used in stnuctural applic.%tions. Table 2 gives design criteria and manufacturing technology are
data for hot-pressed block fabricated during the being generated for using be lium in the rudder
same period.(5) for the Phantcm I aircraftAtu) It was shown in

the report that a weight savings of 46.5 percent
ina• less than that of the current production rudder

was realized. This report, which covers Phase 1i
The objective of a Nuclear Metals program of the project, indicates that the rudder can be

was to develop techniques for determining carkoo fabricated using state-of-the-art procedures.
and nitrogen levels in high-purity beryllium.06 )
Techniques developed were to be of sufficient With the exception of a few clips and the
simplicity so that interested facilities could use aluminum honeycomb core, all the components aft
them without elaborate equipment. Also, standards of the hinge centerline will be made from beryllium
were to be prepared that would allow the various sheet. Corrosion tests were conducted in a salt-
facilities to verify the capabilities of the spray solution to determine satisfactory coatings
technique. for service. Zinc chromate primer was satisfactory

for internal surfaces. Epoxy enamel, anodization,
Modifications were made in the combustion- and arc inorganically bonded aluminum coating were

conductometric method so that the amount of carbon unsatisfactory. The enamel blistered, the anodize
released for analysis could be increased. The treatment reduced mechanical properties, and the
best technique employed consisted of burning the aluminum coating spelled under loading. However,
sample in the presence of copper rings, which were they all afforded a high degree of protection to
used as coupling and fluxing agents. Using this the beryllium.
method, carbon contents on the order of 25 ppm
were determined. Very few problems were encountered with the

conventional manufacturing operations used in pro-
Reliable analytical methods for nitrogen ducing the test elements. Details of the machining

were developed using a modified micro-Kjeldahl and forming operations indicated that techniques
still. Results were consistent even In the 10 ppm are similar to thoie employed for other beryllium
range. structures. Bonding of the aluminum honeycomb core

to the skin sheets was also readily accomplished.
Three batches of beryllium carbon and nttro- Results of all the qualification tests were given

gen standards were prepared. The first, from in the report.
dlstilled beryllium, had 25 ppm carbon and 11 ppm
nitrogen. The others were from SR-grade material
and contained 101 and 120 ppm carbon and 55 and 56
ppM nitrogen, respectively. Proceedings of the 1963 Gatlinburg Conference

on the physical met1l urgy of beryllium have been
X& 10-M published recently.1 9 This conference was

sponsored by the AEC through Oak Ridge National
Corrosion of beryllita in aqueo5s-sa•t Laboratory, with participants from the United States

environments was studied by Pronchko.k7) Rates for and the United Kingdom. Several reports in the
intermittent total-Immbrsion testing at 15 C (59 F) general area of purification and its effect on



TA=LE 1. STATISTICAL ANALYSIS OF £M/Af S.-W0 RYLLIU 9W WOM .CAL FROMI FM 1964"' )

of specification A
PrLxoerty TeatsS YAI 4iýmVaus Vit

Fty.. ksi 410 80.9 2.9 70.0 73.7 76.9
Ft, ksi 410 50.0 2.9 50.0 47.7 70.9,

o, percent 410 19.3 5.9 5.0 4.6 1111

Ftu, ksi 411 60.0 2.6 70.0 73.5 76.4
Fty, kst 411 55.5 2.4 50.0 49.5 5.1
., percent 411 17.8 5.3 5.0 4.6 10.4

TABLE 2. STATISTICAY M4AIXYSIS OF BUSH S-200 DERALU BLOML / M•CHANICALJ PWIPRTIES FOR 1964(0)

Number Brush
of Specification NA1r

10r922rtv Tests S Minimum "0495"

- uF ksi 508 47.8 2.4 40.0 42.0 44.6

Fty, ksi 508 36.5 2.7 30.0 29.9 32.8
e, percent 508 1.3 0.3 1.0 0.7 1.0

Ftu, ksi 508 51.4 2.2 40.0 45.9 48.3
Fty, ksi -08 36.7 2.6 30.0 30.2 33.1
a, percent 508 2.1 0.5 1.0 0.9 1.4

properties of beryllium were presented. Also, some (4) Wyatt, H. W., "Statistical Summary of Pro-
information is given on the properties of poly- duction Beryllium Sheet Mechanical Properties
crystalline materials, especially ingot sheet. A for the Year 1964", Brush Beryllium Company
review of structural applications in the UK is Technical Information Sheet 112 (January 17, 1965).
included. Much of the work in this publication has
been supplemented by later conferences and publi- (5) Private communication, Wyatt, H. W., Brush
cations, but it is of value to the Interested reader. Beryllium Company (March 15, 1966).

S(6) Aronin, L. R., 3auman, F. A., and Wolff, A. K.,
"Prepar'ation of Standard Samples and Development
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